Despite a countrywide mobile network and a massive number of subscribers, Bangladesh till now failed to usurp the full potential of e-health service. With the aim of analyzing the prospects and challenges of using crowdsouring based health-map system in Bangladesh, this study adopts a mixed method approach and collect data using structured questionnaire, key informant interview, in-depth interview, informal interview, focus group discussion, case study, etc. The results of this research represent that, except for a small proportion (11%), the majority (89%) of the respondents don't go to doctors for minor health related problems. The major causes of not going to the doctor encompass high crowdedness in the hospital, high visiting charge of the doctors, etc. Television, mobile phone, and internet are three main sources of receiving health related information. The lion's share (76%) of the respondents have interest in e-health service, but cynically a minor(22%) section of the respondents ever used e-health service. Present mobile phone based e-health services have several problems such as no preservation of patient's record, no scope of continuous contact with the same doctor, and hectic procedure in reaching a doctor. This study proposes a crowdsourcing based e-health service model, which will help to create a massive data set and assist in both treatment of the patient and predict future outbreaks of health crisis.
Introduction
Bangladesh is a developing country, where over one third of the population is living in poverty and another one third live just above poverty level (The World Bank, 2010). Despite this backdrop, Bangladesh has achieved substantial progress in some sectors of health such as reduction of infant mortality, under 5 mortality, and maternal mortality, etc. (World Health Organization &Ministry of Health and Family Welfare, 2015) . Projection of mortality and health related indicators from the period 1990 to 2014 displayed in Table 1 also show a sizeable progress in the health sector of the country. However, despite a substantial progress in reducing child and infant mortality, Bangladesh still has poor prenatal and postpartum care, nutritional deficiencies, high incidence of non-skilled birth attendant utilization and the second highest maternal mortality and morbidity rates next to sub Saharan Africa (WHO, 2011 in Walton and Schbley, 2013; Unicef, 2009 Bangladesh is experiencing a rapid growth in the number of mobile subscribers from its inception in 1993. The country has a comprehensive coverage of mobile network and according to the World Bank collection of development indicators, 540% population is covered by mobile cellular network (Trading Economics, 2006) . The mobile phone is also serving as the major device for internet access. According to BTRC, at the end of year 2015, the total internet connection of the country stood 54.1 million of which 51.5 million were on mobile phones (Islam, 2016) . This wellstructured mobile network and huge number of subscribers eventually put Bangladesh in a favorable position in utilizing mobile based health service. Although Bangladesh is in a favorable position in utilizing mobile based health service, the country still lags far behind in utilizing this potential. In this context, the Bangladesh has a relatively widespread public health care delivery system stretched from national to village level. The health service web in the country is composed of hospitals, health centers, community clinics, dispensaries and training centers. Based on the administrative structure of the country, the structure of health service delivery in the country is divided into six hierarchical segments, such as ward in the bottom level followed by the union, upazila (Subdistrict), district, divisional, and national level. A detail of each stratum is present in Table 2 . Despite an extensive infrastructure, the capacity of public health sector in providing quality health service for the citizens is still feeble in Bangladesh ( (Mahmood, 2012) . The ratio of the necessary health workforce for quality service is also stridently unbalanced. For instance, the ration of physician, nurse, and health technician is 1:0.4:0.24, which represents a colossal disparity with FAO suggested ratio 1:3:5 (Ahmed et al., 2015) . Not only the number, the distribution of the workforce is also uneven and skewed to urban areas, leaving rural facilities overburdened, understaffed, and insufficiently equipped (Ahmed et al., 2015) . According to the World Bank (2012), the public sector health facilities in Bangladesh are poorly equipped with medical devices, instruments and supplies. More than half of the surveyed Maternal and Child Welfare Centers did not have child height measurement scales and 255 surveyed district hospitals lacked minor surgical tools, while about half of the surveyed community clinics didn't have a blood pressure measuring tool or thermometers (World Bank, 2012). . In a typical crowdsourcing process, firstly an organization identifies the tasks to solve a problem, and then the tasks are released to the crowd which is an online community for their contribution. Anyone among the members, who are interested in incentives or facilities given by the organization, can contribute on behalf of the organizations. It is a simple method with powerful impact as it mobilizes expertise and competence. So a vast number of individuals can work individually or in a collaborative manner to accomplish the tasks. After completion, the tasks are submitted to the organization and the organization can further assess the quality of the work done. Wikipedia is an example and a classic form of crowdsourcing process (Zhao and Zhu, 2014; Chatzimilioudis et al., 2012). In Bangladesh, there is no heath map platform for monitoring and reporting public health situations in different regions. For instance, when a massive number of people get affected by a contagious disease, people could hardly know the mode of disease proliferating as there is no designated platform to gather adequate information on contagious disease continuously and disclose it to the public on time. People cannot estimate risk because of scarcity of real-time information about spreading disease. As a result, few people take protection and many others remain indifferent. When a natural disaster or bioterrorism attack happens, the government usually struggles to collect and summarize detail information on a huge number of affected people suddenly. Crowdsourcing in this context can help to overcome the constraints. Crowdsourcing has the potentials in monitoring and reporting physiological, natural, and political emergencies in multiple geographical locations. The United States Department of Defense funded a research project at the University of Virginia to increase community resilience after a crisis (e.g., natural disaster, bioterrorism attack). The premise is that the victims would be better served if it had access to reliable real-time information. They realized the effectiveness of crowdsourcing in this particular event and used crowdsourcing for collecting information (Weaver and Boyle, 2012 If the individuals have access to the information about the imminent disaster, he could take necessary initiatives and preparation to minimize the loss during the event. This advance preparation can also safeguard a huge number of lives from looming disaster and make it easier to handle the health crisis with the least efforts. Adequate information can also assist health officials in developing mathematical models to predict the possibilities of the future occurrence of a disaster. For example, prediction can estimate the quantity of the elements, succor, medicine or vaccine that will be required in the near future to handle the crisis. Suppose, the country needs a massive supply of medicine for the imminent crisis, the government could take advance initiatives to dispose the medicine in advance and save precious lives of the citizens. During a health crisis, time should be utilized in an effective and intelligent way as delivering medicine or succor at the right time can save many lives. As health map shows real time public health status in different areas and can also visualize the prediction, it will have a great impact on the timely realization about the severity of situations. Nonetheless, if the public has reporting opportunities and government has direct access to these reports, government can also determine their efficiency and lacks in crisis management. So, authority may bring necessary changes in the approaches to crisis management in time. The widespread use of Smartphone allows people to post geo-location specific reports and pictures with ease. Disaster Crows In the event of a contagious disease outbreak or natural disaster, the government in many developing countries, including Bangladesh is not sufficiently prepared or equipped to gather and disseminate information to the public quickly at the right moment. Experiences around the globe confirmed the fact that developing a health map platform using an effective e-health system as a source of information would be a decidedly valuable real-time tool for managing and understanding situations rather than relying heavily on retrospective analysis.
Crowdsourcing in Risk Management
was developed by the Pittsburgh Independent Media Center for coverage of the G20 summit and subsequent protests in Pittsburgh in September 2009. Crows has not become popular as a crowdsourcing platform, may be because of its limited functionality. By using crows, one can submit reports and view them on Google map. It also includes widgets for Twitter, Flickr, YouTube, and Podcast integration as well as a Smartphone compatible mobile version of the website. Ushahidi and Sahana systems were too large to manage limited resources, but crows, has made smaller size management more feasible. The lack of certain features made it easy to customize the platform as our own needs(Weaver and Boyle, 2012
Methodology
This study was conducted in selected villages and district headquarters of Barisal and Jhalokathi in Bangladesh. To achieve the objectives, this research adopted mixed method approaches, i.e. blended both quantitative and qualitative methods for better understanding of the phenomenon under study. The population considered in this study encompasses general people, patients, and physicians. Using purposive sampling method, a total of 200 questionnaires were supplied to the respondents of which 108 gave the complete feedback. Among the total questionnaires, 20 questionnaires were filled-up by the physicians serving in the Sher-E-Bangla Medical College Hospital, Barisal. The structured questionnaire sought information on general characteristics of the respondents, health related information seeking behavior, sources used for receiving health related information, awareness, use and interest in e-health service. The questionnaire was developed based on brain storming and expert opinion.
This research also conducted 10 in-depth interviews with the physicians, 10 informal interviews and 2 case studies with the patients, 4 focus group discussions (FGD) one each with doctors, patients, intern doctors, and medical students. The questionnaire was distributed directly among the people, but in some cases, where the patient was unable to fill-up questionnaire, it was filled-up by interviewer according to the answer given by the patients. For analyzing data, this study used descriptive statistics such as mean, median, mode, frequency, observed ratio, etc. and adopted SPSS 16.0 software.
Result and Discussion

General characteristics of the respondents
According to the general information displayed in Table 4 
Health Related Information Seeking Behavior
Data allied to health related information seeking behavior in Table 2 illustrates that apart from a small proportion (11%), the lion's share of the respondents didn't go to the doctor in minor health related problems. The reason for not visiting a physician encompasses the over crowdedness of the hospital, high visiting charge of a physician, high distance of the hospital from the patient's residence, and overindulgence of the patients with daily chores. In an in depth interview, an individual called Mohammad Sorwar from Barisal city said-'People living in the adjacent areas of Shere-Bangla Medical College Hospital, Barisal usually don't prefer to go to the hospital for the treatment, rather they frequently take treatment from drug dispensaries. The reasons for not going to hospital embrace huge patient rush to the hospital and less inclination of the physicians in providing quality treatment.' Table 5 mirrors that the respondents used television as the major source of receiving health related information followed by cell phone based sources and the internet. A conspicuous section of the respondents (29%) also obtained health related information from newspapers. The telecommunication technology in Bangladesh is proliferating rapidly and eventually mobile phone is gaining vast popularity as a communication medium. The government of Bangladesh also recognized mobile phone as a very important medium in disseminating crucial information. For instance, at present, the government sends SMS to the mobile subscribers to inform about any imminent crisis. The mobile phone also acts as an important device for access to the internet throughout the country. So, with the boom in the number of mobile phone subscribers, the internet users are also elevating simultaneously.
Social media like Facebook, Twitter, etc., nowadays, evolved as a high-flying source of information. However, as these social media are internet Data arranged in Table 6 shows that more than half (54%) of the respondents were aware about e-health services, while only a small proportion (22%) of them ever used e-health services. Interestingly, more than three quarters (76%) of the respondents had an interest in e-health service. Not only were the patients, but the physicians were also in common consensus regarding the widespread benefits of e-health services. In an FGD in Sher-e-Bangla Medical College Hospital, Barisal, the physicians of the Department of Surgery and Obstetrics opined that-'e-Health has the capacity of mobilizing quality health service to the doorstep of people residing in remote areas. It can save valuable life of critical patients and pregnant women by providing right medicine at the right time. For instance, a heart patient can survive for a few hours if the right medicine is used immediately after the heart attack'.
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Dimensions of e-health service
Awareness about e-health services
Ever used e-health service
Interest in e-health service At present, in Bangladesh, there is no system in place to detect, monitor or predict contagious diseases. So, health crisis occurred, it is not possible to assess the situation immediately. This time lag has a profound negative effect management and organization of the activities for successful management crisis. Figure 1 shows that 76% people surveyed in this study did not information in advance about contag diseases in the study area, whereas a there is no to detect, monitor or predict contagious diseases. So, if a sudden , it is not possible to assess the situation immediately. This time negative effect on the and organization of the management of the that 76% people not receive any about contagious diseases in the study area, whereas almost all the respondents posited that timely sufficient information regarding contagious disease outbreak can be very useful for public health management in Bangladesh Available information will assist citizens to estimate the degree of risk of a particular disease in advance, hence to take necessary precaution before the disease outbreak. In advance information can also assist the government in effective distribution of medicine and efficient management of the workforce.
Access to information about contagious disease outbreak dynamic system that the public health situation, outbreak and crucial real time Deplorably, at thought that health map can be very useful for them, while 62.26% rural residents had similar opinions. Three quarters (75%) of the physician respondents were in agreement that health map is necessary for public health management. Respondents feel that communicable diseases like tuberculosis, viral fever, etc. should be visualized on map for better control and management. If people can estimate the risk of imminent diseases, they will be able to take early precaution, which in turn can contribute to the effective control and management of the diseases. Table 7 : Perceived necessity of health map in Bangladesh by different categories of the respondents (n=100)
Challenges of existing e-health services
Along with numerous convincing benefits, e-health services also have a number of challenges. For example, internet based ehealth service needs a Smartphone for enjoying service. Regrettably, only 24% of the respondents (Table 4) possessed Smartphone. In Bangladesh, the major section of population evolved from lower middle class to low income strata, so Smartphone based e-health service may not be accessible to a large section of the population. The high cost of internet service is also an obstacle which limits the use of e-health service. Due to high call toll, the respondents also considered Cell phone call based e-health services expensive. In an in-depth interview, a shop keeper named Khairul Hassan from Barisal city said-'I have received quality treatment via mobile phone health line for treating my eye problem. However, the cost of the call seems expensive, as I had to talk with the doctor for several minutes.'
A minimum level of literacy is mandatory for receiving health advice via internet or cell phone. Many medical terms don't have any Bengali name and the names of the drugs are also in English. So, it is difficult to consume the health related information if the service receiver is illiterate. The ehealth service is only suitable for the treatment of minor diseases and can provide support at the primary stage of critical diseases. This service is not suitable for critically ill patients needing intensive care for a long period of time under the supervision of physicians.
Present Status of e-health Services in Bangladesh
Despite a huge potential of IT deployment in healthcare sector in the country, the use of IT systems for healthcare has not been developed so far. The existence of the use of IT system in healthcare is limited to only e-prescribing services executed by the mobile phone operators. Among these services, Grameenphone's doctor helpline has been the most popular service. Despite several problems, this service is experiencing an upward trend of popularity for some reasons. In general, when a patient meets a doctor face to face, the majority of the doctors showed disinclination to the patients. On the contrary, when a patient contacts a doctor via phone calls, the doctor seems more attentive than usual. Phone callbased health service can also save money and valuable time of the patients. However, among the respondents using e-health service, a major section (62%) had complains about the existing mobile based e-health service, while the rest 38% were satisfied.
A Proposed Crowdsourcing based Ehealth Service Model
Considering the existing bottlenecks of ehealth services and health related information dissemination process as well as the opinion of the patients and physicians, this research proposed a model for crowdsourcing based health map in Bangladesh.
In the beginning, a Smartphone application is used for collecting and reporting health data from the mobile subscribers and these data will be processed in a web based system. When any user feels a health problem, he will report this via Smartphone application filling a report form (see Figure 2 for a sample form) with necessary images or videos if needed. This report will proceed to the doctor assigned for giving medical advice in this area, where the users reside. When a doctor gets a report from any patient, all previous health records as well as present health status about that patient will appear in the Web app. After analyzing the pool of data, the doctor will provide suggestions or prescribe necessary medicine.
If the doctor needs supplementary information to identify the health problem correctly, the doctor can directly make a phone call to the patient or send a query message to the patient. A central database will store all of the patient's record. This big data will help the concerned entities to analyze health and disease status in different geo-locations. If the same infectious disease status reported frequently from numerous users in a particular time period in a specific location, then with the help of proper mathematical models, the system will be able to identify the possibility of any contagious disease outbreak. Analyzing the trend of spreading cause, rate, and the direction, the system will be able to predict possible future outbreak. The Health Map will show every progress and downfall of public health status in the affected area in a continuous basis. The government as well as other humanitarian health organizations will be incorporated into the system for spatial and temporal monitoring of the health situation to take timely steps in building awareness, medicine and other resource supply, and better management of human resources.
Conclusion
This research implies that crowdsourcing based e-health map can improve efficiency in the public health crisis management and Bangladesh due to its widespread cell phone network coverage and its conducive position in using a crowdsouring based health map to monitor and manage public health crisis. Despite having a promising future, at present, the e-health service in Bangladesh is feeble and need extensive improvement. This research suggested a web based system and Smartphone based mobile application which will assist in accumulating and analyzing health data. The analysis of the data will help to predict geographical location specific future occurrence of health crisis, hence assist both the patients and concerned health organization in building awareness and timely efficient handling of the crisis situation to save precious lives and valuable resources. The model suggested in
